Objective : To observe the effect of tissue engineered nerves in repairing peripheral nerve defects ( about 1.5 cm in length) in rats to provide data for clinical application.
operation and no death was found. No foot ulceration was found in Groups A, B and C , but 7 rats suffered from foot ulceration in Group D. The triceps muscles of calf were depauperated in the experimental sides in all the groups compared with the uninjured sides, which was much more obvious in Group D. The wet weight of triceps muscle of calf and nerve electrophysiologic monitoring showed no statistical difference between Group A and Group C, but statistical difference was found between Groups A and B and Groups B and D. And significant statistical difference was found between Group B and Group D. Obvious compound muscle ( or motor) action potential ( CMAP) could be evoked in Group A and Group C, but the evoked amplitude was very low in Group B and Group D. The axons of regenerated nerves penetrated through the whole graft in Group A and Group C, and partly penetrated through the graft in Group B, but did not penetrate in Group D. The two tips of the separated sciatic nerves of Groups A , B , and C were connected together, without formation of neuroma. But those of Group D were not connected together and neuroma formed in 6 rats.
Tissue engineered nerves can be used for repairing long defects of the peripheral nerves of rats and ideal repairing effects can be obtained.
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Conclusions :
Chin J Traumato1 2008; I1 ( 1 ) : 28-33 development of tissue engineering in recent 20 years, tissue engineered nerve, that is, culturing Schwann cells ( SCs) and preparing artificial nerves with internal scaffolds, has become a new method for repairing defects of peripheral nerves. Therefore, enhancement of the output and purity quotient of SCs and discovery of an ideal material for seed cells growing into are important for this project. The commonly used biomaterials include blood vessels , membrane tubes and denatured muscles. Non-biornaterials including nylon, silica gel tubes and polyurethane are also commonly used. Although they can provide channels for nerve regeneration, they cannot be absorbed in vivo. So they will become foreign bodies after nerve repair and cause stimulation to nerves. At the same time, poor elasticity of this kind of materials will cause compression on the nerves. Therefore, they must be taken out of the body with a second operation. Sondell et a12 used Triton XI00 and sodium deoxycholate to treat sciatic nerves, clearing all the cells and neural sheaths but remaining complete SCBL. After treatment, the sciatic nerves have good effect in repairing nerve defects, but the method is complicated. In this study, we treated sciatic nerves with glycerine, which is convenient. We explored the feasibility to repair the sciatic defects ( about 1.5 cm in length) in Sprague Dawley ( S D ) rats with tissue engineered nerves. The glycerinated sciatic nerves were bridged in the defects and the cultured SCs of neonate rats were injected in the glycerinated sciatic nerves. The result of this study is satisfactory.
METHODS

Culture and purification of SCs in vitro
Ten 
Preparation of glycerinated homologous sciatic nerves
Ten adult SD rats (weighing 200-250 g and aged 4 months ) were executed through neck dislocation, then immersed in 750 mVL alcohol for 2 minutes. Then bilateral sciatic nerves were obtained by operation and part of the epineurium and the adipose tissues of the sciatic nerves were sheared off. After poached in distilled water for 8 hours, the sciatic nerves were put into 450 mVL glycerin water solution at room temperature for 24 hours. Then the sciatic nerves were poached in distilled water for 24 hours, put into 750 mVL glycerin water solution for 48 hours and poached in the distilled water for 24 hours. At last the extracted sciatic nerves were preserved in 850 mVL glycerin water solution and prepared to be used at 4°C.
Repairing sciatic nerve defects
Sciatic nerve defects were made on 40 adult female SD rats, weighing about 200 g and aged 3 months. In brief, under anesthesia of ketamine hydrochloride ( 100 mg/kg body weight) through intraabdominal injection, the sciatic nerves in the right lower extremities were exposed and 1. 5-cm-length defects were made. Then the animals were divided into four groups randomly: the sciatic nerve defects of 10 rats bridged with proliferated SCs ( d = 106/ml, v = 0.5 ml) and homologous dermal acellular matrix (the tissue engineered nerve group, Group A ) , 10 rats with glycerinated homologous sciatic nerves and internal scaffolds only (Group B) , 10 with autologous nerves, which were cut down and reversed for 180" first and then used to repair the defects in normal position (Group C ) , and 10 with nothing ( the blank control group, Group D ) . After operation, every rat was injected with penicillin for 200 000 U for 3 days and raised in different cages for 12 weeks.
Indexes observation Morphological observation and assessment of cell growth
When SCs overgrew in the bottom of the culture flask, pictures were taken under a contrast phase microscope. Because there was S-100 specific antigen on the surface of SCs, immunofluorescence could be used to identify the cultured SCs. In details, a coverslip was put into the cell culture flask and part of the cells grew on the surface of the coverslip. Then the coverslip was washed by phosphate buffer salinecalcium magnesium free (PBS-CMF) for 2 minutes for three times and fixed by 95% alcohol for 3 minutes.
The coverslip was washed by PBS-CMF for 2 minutes for three times, 100 p1 anti-S-100P monoclonal antibody (Sigma) was added and incubated in a moist box at 37°C for 1 hour. After a third wash by PBS-CMF for 2 minutes for three times, 100 p,l fluorescein isothiocyanate ( FITC ) labeled rabbit antimouse secondary antibody ( Boster Company, Wuhan , China) was added and incubated in a moist box at 37°C for 30 minutes. At last after a fourth wash by PBS-CMF for 2 minutes for three times, the coverslide was taken out of the culture bottle and put on a slide ( cells facing down), pressed lightly and observed under a fluorescence microscope.
Morphological observation of the extracted sciatic nerves
After being fixed by 10% formalin, the extracted sciatic nerves were imbedded by paraffin, then stained by hematoxylin and eosin ( HE ) , After fixed by 25% glutaraldehyde , frozen sections were made, the longitudinal section and cross-sectional appearance of the nerves were observed under a scanning electron microscope.
Gross observation
The wounds, motions of the lower extremities, and whether ulcer formed or not were observed.
Myoelectricity detection
At 12 weeks after operation, the amplitude of wave ( AW) , latent phase (LP) and nerve conduction velocity ( NCV) of the compound muscle action potential ( CMAP ) were recorded and calculated. After anesthesia ( ketamine hydrochloride, 100 mg/kg body weight) and four limbs being binded , the silvering bipolar electrode of an electrornyogram (the stimulus frequency for 1 Hz and wave width for 2 ms) was pricked into the proximal end and distal end of the sciatic neural grafts and the coaxial single-core needle electrode was pricked into the belly of the tibialis anterior as a recording electrode, and the abdominal part was connected with the ground.
Wet weight of triceps muscle of calf
The wet weight of triceps muscle of calf was weighed by an analytic balance.
Histological observation of regenerated nerves
After myoelectricity detection , the proximal and distal ends of the regenerated nerves were obtained respectively, then they were fixed by 10% formalin, imbedded in paraffin and stained with HE, respectively. After fixed by 25% glutaraldehyde , frozen sections ( 1 pm in thickness ) were made, then the medullation and axon growth of the regenerated nerve were observed under the scanning electron microscope. The medullation thickness and the number of axon unit area ( mrn2 ) were also recorded.
Statistical analysis
The primary data were treated by analysis of variance. Two groups were compared with each other by Student' s t test . The experimental data of every group were recorded with i f s. And P < 0. 05 was considered as statistically significant difference.
RESULTS
Culture of SCs
At the first 24 hours of culture, a great quantity of SCs showed long fusiform shape and had narrow cell bodies and bright halation at the borderline of the perikaryon. The cell tuberculum was slim and long and looked like wheat barba with monopole, double poles or tri-poles, which was 5-10 times longer than that of the transverse diameter of the cell body. SCs grew in end-to-end and pole-to-pole arrangement, which was very special ( Fig. 1 ) . Many scholars even thought that they could distinguish SCs by such special morphology and arrangement. Under the immunofluorescence confocal microscopy, we could find that the endochylema of SCs was stained after SlOO immunohistochemistry staining and they had small cell bodies and showed long fusiform shape. The tuberculum of the cell was long and slim. They fused well and crossed and linked with each other. And they had beaded cell-chain. The purity coefficient could reach 86%.
Morphological observation of the extracted sciatic nerves
The glycerinated homologous sciatic nerves were nankeen. After being immersed in sodium chloride, they became white and transparent and the tenacity was worse than that of the fresh ones. We observed that the red-stained endoneurium formed irregular round space on the transverse sections ( Fig. 2 ) , but it arranged like waves and formed pipe-prismatical vacant space on the longitudinal sections after HE staining ( Fig. 3 ) .
Under the scanning electron microscope, we found that the medullary sheath and the cell structure of SCs almost disappeared, the nerve matrix was formed by the irregular space encysted by nerve fiber interstitium, endoneurium and basement membrane, and occasionally very few disaggregated fragments of neural sheath remained on the cross sections (Fig. 4) . On the longitudinal sections the vacant base plate tube of the nerves remained well.
Gross observation
Primary healing of the wounds was found in all the rats in Groups A and C , and no ulcer was found on their feet. But 3 rats in Group B and 7 in Group D suffered from ulcer on the feet. No neuroma was found in Groups A , B , and C , but 6 cases of neuroma were found in Group D. The results of myoelectricity , histological features and wet weight of triceps muscle of calf detection are shown in Table 1 and Table 2 , respectively.
The results showed that SCs could grow and proliferate in vitro. Glycerinated homogeneity sciatic nerves had good histocompatibility and neural induction function. Tissue engineered nerves could be used to repair the peripheral nerve defects and the repairing effect was even similar to that of the autologous nerves. 
DISCUSSION
The main research topics of tissue engineering are seed cells, scaffold materials and engineered tissues substituting the lesions. The manufacture of scaffolding materials is the key and difficult point of tissue engineering, which is also the research hot spot at home and abroad. In this study, extracted nerves were used as the scaffold materials and compounded with cultured SCs in uitro, which were used to repair the sciatic nerve defects of SD rats. This study aims to find a new scaffolding material for tissue engineered nerve and to provide a groundwork for the clinical application of this kind of material.
SCs are a kind of commonly used seed cells in tissue engineered nerve and have the following characteristics: ( 1 ) secreting nerve growth factors ( NGFs ) , ( 2 ) producing somatomedin, and ( 3 ) forming gap junctions and tight junctions with the regenerated axons. The common culture methods of SCs include explant culture and enzyme digestion method. After eliminating fibroblasts with chemical reagents and getting rid of fibroblasts with attachment culture method, a great quantity of SCs with high density and high purity can be obtained.4 The autologous SCs had better implanted effects than that of the xenogenic ones, because the latter remained antigenicity after culture and would be excluded by the recipients. The SCs of neonate rats had lower immunogenicity , so we selected them as the seed cells. The ideal tissue engineering materials should have such characteristics as : ( 1 ) good biocompatibility , no toxicity, degradation products with no toxicity, and causing no inflammation or immunological rejection, ( 2 ) certain mechanical strength and plasticity, ( 3 ) suitable micro-pore structure, and ( 4 ) good materialcell interface. Up to now, many degradable high polymer materials have been used as scaffolding materials for tissue engineered nerves by many scholars. 8, 9 However, scaffolds with complete natural peripheral neuromechanism have not been made yet. The cell-free homologous nerve is a kind of ideal native material, which has above-mentioned features and extensive resources. There are many methods to extract nerves and different methods have different treatment efficiencies.
In this study, the sciatic nerves of SD rats were extracted by glycerine to obtain cell-free scaffolding material, which had a similar spatial structure to that of normal nerve and made the seed cells grow into the material and form a similar Bunger zonal structure. The natural nerves were used as the raw materials and the cells were eliminated by chemical agents, keeping the extracellular matrixes and fibrous frameworks only, through which a cell-free scaffolding material with similar structure to that of natural nerve could be obtained. Sondell et a12 extracted the sciatic nerves of SD rats with tritol and sodium deoxycholate, which could dissolve all the cells within the nerve and the vessel of basilar membrane of the nerve and the collagen was preserved completely. But the procedure was complicated.
The main procedures in our study included: 0 cleaning up the connective tissues first, which was beneficial to drug osmosis and the elution of cell contents, @ I immersing the nerves in distilled water, which made the cells broken in the hypotonic environment, @ immersing the nerves in glycerine, which further dissolved the lipid on the cell membrane and made the cells disintegrated, @ rinsing the nerves by distilled water repeatedly, which made the dissolved cell components eluted, @ immersing the nerves in glycerine solution, which could further dissolve the lipid and proteins in cells and therefore clearing up the neural sheath and other cell contents effectively, and @ rinsing the nerves repeatedly to get rid of the cell components dissolving in the glycerine thoroughly.
In this study, we found that all the cells in the extracted nerves including SCs , cellula adhesiae , fibroblasts, and vascular endothelial cells, were broken into pieces and disappeared. Wang et all0 found that the planted SCs on the extracted nerves could adhere to the scaffolding material well, crawl and migrate along it and form Bergner zonal structure. Their study showed that the cell-free nerve had good compatibility with SCs. The extracted nerves retained lots of extracellular matrix. There were rich laminin in the basal lamina of the nerve, which was beneficial to the adherency and migration of seed cells and the growth of regenerated axons. On the other hand, because the main antigens such as neural sheath in the extracted nerves are cleaned up, the implanted nerves would not cause visible rejections, which will enlarge the resource of tissue engineering materials. Hence we thought that the cell-free nerves had good compatibility and spatial structure as tissue engineered scaffolding materials and they would be better than high polymer materials.
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After peripheral nerve injury, the function of SCs is very important during the repairing period, which can secrete lots of "ITS, such as NGF, brain-derived neurotrophic factors and insulin-like growth factors. These factors can stimulate SCs to form extracellular matrix and adhesion molecules, which can form gap junctions and tight junctions with consecutive axons. So they can play an important role in repairing nerve defects. The SCs of neonate rats have greater reproductive activity and smaller antigenicity, which are ideal seed cells. The combining patterns between the seed cells and materials include : ( 1 ) putting the scaffolding materials with pores in culture .solution for the seed cells growing into, ( 2 ) the cultured seed cells suspension, which is the second or third generation cells with certain densities and contents being injected into the materials interiorly or dropped on the surface of the materials, and ( 3 ) for gelatum materials, mixing the seed cells with it. Brown et all3 mixed the cultured SCs with gelatum, then the compounds were used to repair the nerve defects in 1996. The results were ideal. Dumont et all injected the cultured SC suspension into the extracted nerves and repaired the sciatic nerve defects of F-344 adult rats in the same year. The repairing effect was the same as that of the autoallergic nerves. Wang et allo injected the cultured SC suspension into the extracted nerves and cultured the compounds in 2002. The results showed that the cultured cells grew well on the materials and arrayed regularly and the cells had regular shape, homogeneous intranuclear chromatin, and smooth surface. In this study, we used Wang et a1 * s method and the seed cells were injected into the materials, then they proliferated in vivo and the repairing effects were satisfactory.
